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SOKE  CHARACTERISTICS  OP  SEA  BREEZE  CIRCULATION  THROUGHOUT  THE 
BLACK  SEA  ZONE 


Gheorge  Bizic 

Chief  scientific  researcher  of  the  Institute  of  Meteorology  and 
Hydrology 


Summary 


For  the  purpos 
of  the  atmosphere  a 
influencing  by  the 
adequate  methods  we 
representing  graph! 
and  time  of  the  win 
direction,  and  the 
the  air  for  the  sou 
is  located  in  antic 


e  of  revealing  the  dynamics 
nd  the  potential  of  alternative 
sea  air  and  continental  air, 
re  used  for  establishing  and 
cally  the  variations  in  space 
d  frequency  as  regards 
temperature  and  humidity  of 
theastern  part  of  Romania  which 
yclonic  conditions. 


Starting  from  the  idea  that  at  the  time  of 
calm,  the  temperature  and  humidity  of  the  air  are 
under  the  dominant  influence  of  the- local  active 
surface,  the  physical  characteristics  of  the  air 
and  wind  from  the  sea  are  brought  into  relief  as 
compared  with  those  of  the  land  air. 


It  Is  a  known  fact  that  from  the  climatic  viewpoint,  the 
south-eastern  cart  of  Romania  is  under  the  effect  of  the  Black 
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Sea  Basin.  The  territorial  distribution  and  the  average  monthly 
values  of  the  climatic  parameters  indicate  the  influence  in  time 
and  space  of  the  sea  air  over  the  climate  of  this  zone.  The  real 
knowledge,  unaffected  by  statistical  estimates  made  to  obtain 
averages,  the  distance  over  which  the  sea  air  penetrates  to  the 
interior  of  the  land,  and  the  weight  of  its  contribution  to  the 
establishment  of  the  climatic  characteristics  of  the  climates  of 
the  respective  zones,  is  of  great  theoretical  and  practical 
interest . 

For  the  purpose  of  eliminating  as  far  as  possible  the 
influences  of  the  zonal  circulation  and  to  detect  the  details  of 
the  mechanism  by  means  of  which  the  sea  air  is  transported  over 
the  land,  it  was  necessary  to  establish  adequate  methods  for 
processing  the  data  resulting  from  the  meteorological 
observations.  Therefore  to  be  able  to  know  the  influence  of  the 
sea  on  the  atmospheric  circulation  as  a  transport  agent  or  a 
potential  one,  the  study  concerns  actually  the  dynamics  of  the 
sea  air  in  the  rangeA in  which,  in  the  respective  zones,  anticyeionic 
nuclei  approach  or  are  centered  and  their  main  effects. 

It  may  be  assumed  that  in  this  baric  situation,  the 
atmospheric  dynamics  of  the  respective  zones  are  given  almost 
exclusively  by  the  thermal  contrast  between  land  and  sea  and 
manifested  in  the  form  of  the  phenomenon  of  breezes. 

Because  of  the  large  volume  of  processing  needed  to  reveal 
the  circulation  and  its  effect,  this  article  will  take  up  the 
analysis  only  for  the  month  of  July,  a  month  in  which  the  energy 
potential  reaches  values  giving  the  maximum  differences  between 
the  physical  characteristics  of  the  marine  atmospheres  and  the 
continental  ones. 

Consequently  for  days  with  anticyeionic  differences  in  the 
month  of  July  (1961-1970),  data  were  recorded  hourly  on  wind 
direction  and  speed,  the  temperature  and  relative  humidity 
corresponding  to  the  direction  from  ’which  the  wind  blows  for  a 
series  of  10  meteorological  stations  located  between  the  coast 
(Constanta)  and  the  central  zone  of  Gimpiei  Romans  (Urziceni). 
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In  the  course  of  processing  wind  data,  hourly  frequencies 
were  obtained  of  the  wind  as  regards  direction  in  percentage, 
for  days  with  anticvclc-nic  conditions.  On  the  basis  of  the 
values  of  the  hourly  frequencies  of  the  wind  in  direction,  the 


values  of  the 

hou 

complex  wind 

rose 

structure  of 

the  i 

space.  This 

rose 

concentric  rings,  corresponding  to  each  of  the  2'i  hours  of  the 
day,  plus  a  central  ring  for  the  hour  0  needed  for  isopletic 
connection,  in  which  values  of  the  last  ring  are  recorded  that 
of  ring  2m  hours,  and  8  rays  corresponding  to  the  main  wind 
directions.  On  the  basis  of  the  values  of  the  hourly  frequency 
of  the  winds  in  the  direction  in  2M  of  the  rings  corresponding 
to  the  hours,  isopletic  lines  Mere  plotted,  which  outline  the 
tones  and  represent  the  interval  of  times  of  the  day  in  which  in 
anticyclcnic  conditions,  the  wind  blows  in  a  certain  direction 
with  a  certain  frequency.  In  the  center  of  the  rose,  the 
frequency  of  calm  is  given  in  percentage. 

Thus  on  the  basis  of  the  data  of  the  Constanta  station,  the 
wind  rose  of  Pig.  1  was  established. 

Prom  this  we  find  first  of  all  and  in  a  striking  manner,  the 
direction  of  turning  of  the  wind  during  the  night  and  in  the 
daytime.  The  helicoidal  shape  of  the  areas  of  equal  frequency 
illustrates  the  fact  that  the  change  of  the  wind  direction  in  the 
daytime  Is  achieved  within  the  framework  of  a  process  with 
obvious  continuity,  on  whose  basis  the  interval  with  calm 
represents  a  time  of  thermal  and  baric  equilibrium  in  which  there 
is  an  inversion  of  the  circulation  of  the  daytime  breeze,  from 
the  sea,  to  the  night  time  one,  from  land,  and  conversely.  Thus 
the  maximum  frequency  (>30%)  is  achieved  by  winds  blowing  from 
the  sea  in  the  noontime  (12th  hour),  when  the  thermal  contrast, 
therefore  the  baric  one,  between  sea  and  land  are  maximum* 

Because  of  these  differences  starting  at  0700-08.00  hours  and  up  to 
2200  hours,  the  area  of  values  indicating  winds  from  the  eastern 
direction  with  frequency  much  more  than  22?  reveals  the  extreme 
weight  of  the  effect  of  the  sea  on  the  atmospheric  circulation 
of  the  Romanian  coast* 
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5  if.  J.  J>iuiit.il  Miuil  Iioqucnry  (%)  on  diicctions,  under  ni.tirvclonc  regime  (Comtantza  —  July  IDO  I -70). 

The  interval  with  low  frequency  (<lg)  located  in  the 
uneastern  part  (between  0300-0'/ to  hours)  is  superimposed  on 
u  of  thermal  equilibrium  between  these  2  types  of  subjacent 
races  (water-land).  In  the  first  few  hours  after  sunrise, 
’wind  may  blow  with  approximately  equal  frequency  (6-163) 

;,er  from  sea  or  from  land,  while  in  the  hours  between  1200  an 
1  •■hen  the  ground  is  strongly  heated,  the  frequency  of  the  lan 
32c  is  very  low  (<2.550. 

'  . :lnG  Horn  aioo  nours  ana  up  to  24*00-0100  hours  the 

i  blowing  from  the  land  (southwest)  has  a  much  higher 

JUuncy  (>20|),  This  is  a  particularly  interesting  general* 
of  this  wind  rose,  which  indicates  the  average  plastic 
icture  of  the  dynamics  of  change  of  the  wind  direction  in  the 


he  inversion  occurs  is  nearly  5  las, 

e  night  breeze  (Pig,  2  b)  is  embodied  by  the 
fitment  of  the  curve  of  movement  of  the  balloon  ace 
data  resulting  from  the  test  carried  out  on  17  Jul 
urn.  The  form  of  this  curve  is  somehow  siw 
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of  the  hanks  directly  on  the  Danube  ; 

‘  the  river  and  the  areas  covered  bet 


ates  on  a 


eC 


locsl  d 


fen  its  branches 
Lon  in  the  form 


;e,  but  on  the  respective  banks*  its  direction  is 
opposite  to  that  of  the  sea  breeze.  This  explanation  is  also 
founded  on  the  fact  that  in  the  stations  located  on  the  bank  on 
the  left  side  of  the  river,  the  sea  breeze,  greatly  decreased  as 
compared  Kith  the  opposite  bank,  is  reanimated  arid  amplified 
through  combination  with  a  weaker  breeze  but  of  the 


direction,  created  oy  one  the: 
Jalomitei  and  Cimoia  Dunarll. 


aphic  material 


contras 


Lned  on  tn 


oet 


oasis 
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stations  of 


Marculesti  and 


"**6*1 


the  data  fro 
located  on  a 


s^f*  n 


:he 


of 


limoiel  Roman©  indicates  indeed  the 


gradual  attenuation  until  the  disappearance  of  the  effect  of  the 
Black  Sea  on  the  atmospheric  circulation. 

It  may  be  understood  that  the  potential  of  the  influence  of 
the  transport  from  the  sea,  and  consequently  the  degree  of 
continentalization,  depends  on  the  contrast  of  the  atmospheric 
parameters  over  land  and  sea,  the  wind  speed  and  the  distance 
traveled  by  the  mass  of  sea  wind  over  the  territory  over  which 
it-  moves. 


To  reveal  the  continentalization 
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vary  ■ 
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to  know  the 


laraics  of  the  diurnal  variations  of  the 
of  the  air  as  a  function  of  the  distance 
>ver  the  land.  For  this  purpose,  the 


re  and  humid! 

by  the  sea  ai 

ir.perature  were  classified  according  to  the 
corresponding  wind  directions.  Since  it-  may  be  considered  that 
in  calm  conditions,  the  temperature  of  the  air  of  a  certain  place 


is  a  function  of  the  amoui 
respective  active  surface 


solar  energy  received  by  the 


die 


of  the 
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soace  it  was 
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tins  area 


tne  atnospne 
e  of  the  air 
Consequently 
shment  of  the 


of  the 


starting  from  2100  hours*  the  air  transported  from  the  sea 
produces  neating  which  on  the  coast  in  Constanta  reaches  its 
maximum  values  around  0400  hours  (>3®),  when  because  of  the 
radiation  or  the  night  calm,  the  land  air  reaches  the  minimal 
temperatures.  After  the  sunrise,  within  the  time  needed  for  the 
evaporation  of  the  dewdrops,  the  differences  become  negative,  an 
later,  after  a  period  of  over  an  hour,  there  is  once  again  an 
increase,  Tne  most  marked  drops  in  temperature  occurring  in 

calm  conditions  take  place  naturally  between  the  hours  1200  and 

1400. 


Up  to  &  certain 


increase  b* 


distance  the  values  of  th 
he  nocturnal  advectlon  of 


:-emp»rature 


opxeuxc  x 


(jC  km),  Hirsova  (68  km),  Petesfci  (77  km), 
differences  in  temperature  of  the  respective 
cinr  to  each  hour  represented  the  basis  on 
s  were  plotted  which  showed  the  value  of 
feet  of  the  sea  air  on  the  temperature  of 
soace. 


Analyzing  the  synthetic  graphic  representation  of, Pig.  5 
it  is  observed  that  around  2200-2300  hours  the  values  of  the 
temperatures  of  the  air  carried  from  the  sea  are  generally  equ 
to  those  of  the  land  air  (0°C  isopletic  line).  Because  of 
nocturnal  radiation  (which  leads  to  the  drop  in  temperature  of 
lower  atmospheric  layers),  after  mldni^V  ;  is  difference 
becomes  positive  and  increases  gradually  until  0^00-0500  hours 
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Flf.  6-  Yarklia  d£uru3  «  difirenlel  dintre  temperatara 
*r  -tyj  trar.ipartat  0s  vir.ltirite  dc  eil  |S  cea  a  atmMftrt’i 
bias  (*C)  in  fynepe  dc  dUtaufa  fata  do  ittoinl  In  regint  outs* 
cielonir  (tulle  19§j  —  1970). 

Flf.  5.  Diurnal  variation  o!  Ifco  diRtrwt  betv.sn  the 
loinppratiiry  of  the  all  Mown  by  csitern  wsndi  and  the  tens* 
prralure  Ly  calm  weather  (*C)  relying  on  Use  diltanw  from 
the  eoasU,  under  ■silleyetosise  regime  (July  1901—70), 


Key i  (1)  Distance  in  km.  (2)  Hour. 


Wo  have  data  in  time  and  apace  on  areas  whose  great  positive 
difference  emphasises  the  fact  that  the  differences  between  the 
temeratures  of  calm  air  and  that  of  the  air  transported  from  the 
sea  re  lower  in  the  immediate  vicinity  of  the  coasts,  where  the 
sea  air  invades  the  land  in  thin  layers  and  at  very  low  speeds  so 
that  the  wind  vane  dees  not  record  them,  The  weight  of  this 
process  by  which  the  sea  influences  the  temperature  of  the  air 
over  the  land  under  conditions  of  calm  decre£.v,es  gradually  over 
20-25  km,  when  it  disappears;  during  the  time  and  in  the  places 
when  the  wind  is  from  the  east,  it  maintains  a  higher  value  for 
35-^0  km.  Thus  apparently  the  maximum  contribution  of  the  sea  is 
achieved  in  an  area  located  between  the  limit  (extreme  in  space) 
of  the  effect  at  the  time  cf  calm  and  the  distance  over  which  the 
cent inentalisaticn  process  of  the  sea  air  is  accelerated. 

This  argument  may  lead  to  the  idea  that  the  afflux  of  sea 
air  which  takes  place  even  in  calm  conditions  maintains  and 
preserves  in  time  and  space  the  physical  characteristics  of  the 
air  carried  by  the  winds  blowing  from  the  sea. 

Decreasing  after  sunrise,  the  difference  drops  rapidly  until 
around  0800  hours,  prom  that  time,  the  values  of  the  differences 
become  negative  and  indicate  that  the  air  coming  from  the  sea 
leads  to  the  decrease  in  the  temperatures  which  takes  place  on 
land  in  calm  conditions.  Between  1000  and  1300  hours,  when 
because  of  the  direct  solar  radiation,  the  continental  air  is 
greatly  heated,  the  cooling  caused  by  the  sea  air  has  an 
Increasing  weight.  In  the  afternoon  because  of  the  increase  in 
nebulosity  and  as  a  result  of  ccnvection,  the  lower  temperature 
of  the  land  air  decreases  the  differences. 

Naturally  the  variation  oi  the  negative  differences  takes 
place  very  slowly  in  the  afternoon  and  In  the  evening  up  to  2100' 
*"*onn  k.~-i5vi«  when  thev  Kraduallv  become  positive  again  in  a  time 

ilUisi  S  j  ”  "  v  R 

which  decreases  under  the  effect  of  direct  radiation  i  the  passage 
from  the  positive  to  negative  values  occurs  much  more  quickly. 
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Ono  should  note  the  fact  that  during  the  time  when  the  wind 
Is  from  the  east,  the  Danube  influences  in  a  similar  manner  the 
thermal  conditions  of  the  areas  located  on  the  left  bank ,  but  on 
a  different  scale,  corresponding  to  its  potential. 


The  chart 


istics  of  the  south-eastern  Darts  of  Romania 


are  formed  similarly  under  the 
humidity  which  when  the  wind  b  .  • 
the  interior  of  the  country,  reduc 


of  larger  amounts  of 
:  .1  the  sea,  are  carried  to 
the  deficit  of  the  humidity 


of  the,  atmoschere 


over  an  important  agricultural  area, 


The  same  methods  were  used  to  process  data  from  the 
measurements  carried  out  of  relative  humidities. 

To  know,  however  the  amount  of  water  vapor  contained  in 
a  unit  volume  of  air,  the  average  hourly  values  of  the  relative 
humidities  corresponding  to  the  direction  of  the  wind  and  those 
corresponding  to  the  calm  conditions  were  converted  into  values 
of  water  vapor  pressure  and  given  in  millibars. 

On  the  basis  of  the"  differences  between  the  values  of  the 
intervals  with  calm  and  those  with  wind,  wind  roses  were 
established  with  the  distribution  of  these  parameters  as  a 
function  of  the  direction  of  the  wind. 


The  distribution  in  time  ar.d  space  of  the  differences 
between  the  vapor  pressure  of  the  interval  with  wind  from  those 
with  calm  conditions  in  the  coastal  zone  (wind  rose  of  the 
Constanta  station.  Fig.  6)  shows  a  very  plastic  and  decisive 


variation  of  the  levels  of  vapor  of  the  atmosphere  as  a  function 


of  the 

charact 

without 


direction  from  which  the  wind  blows  as  compared  with  the 
eristic  of  the  subjacent  surface  in  the  intervals  of  time 
wind.  It  is  apparent  from  the  analysis  that  on  summer 


days  when  the  ground  is  strongly  heated  the  wind  blowing  from 
the  sea  carries  amounts  of  vapor  exceeding  those  of  the  local 


atmosphere  by  6-7  mb  respectively  even  though  the 
from  the  land  reduces  to  a  certain  extent 


wind  blowing 


the  humidity  content  oi 


The  distribution  cf  this  difference  indicates  the  fact  that 
during  the  time  of  advectlon  of  sea  air  wo. find  the  maximum 
contrast  of  values  before  sunrise,  between  0300  and  0600  hours,  i 
distance  of  10-20  km.  This  area  is  located  in  a  time  ranee  in 


the  humidity 


m  atmosonere 


a  time  range  ii 
’ibutes  to  the 


formation  of  dew  drops  but  in  areas  at  a  distance  to  which  the 
ir.ounts  of  vapor  transported  are  still  maintained  at  a 
Jonsiderable  level. 


Ih  general  this  area  is  superimposed  on  that  of  the 
distribution  of  the  warmer  sea  air  (Fig  5)  and  is  due  to  the  same 
causes , 

It  is  interesting  to  note  that  at  noontime,  when  the 
continental  air  is  very  dry,  the  moist  air  which  comes  from  the 
sea  carried  along  by  the  breese  comes  towards  the  center  of 
Cimpiei  Romans.  The  graphic  representation  of  Fig,  7 
illustrates  strikingly  the  fact  that  during  the  month  of  July  the 
air  which  is  carried  along  by  the  wind  blowing  from  the  east  in 
its  passage  over  the  Balt a  lalomitei  becomes  loaded  with  new  and 
large  amounts  of  humidity  which  it  carries  to  the  interior  of 
Baragan, 

During  the  afternoon  of  the  days  with  anticyclonlc 
conditions,  when  the  ground  is  heated,  the  amounts  of  water 
vapor  resulting  from  the  evaporation  process  and  evapo- 
transpiration  are  greater  than  those  which  may  be  brought  by  the 
wind  from  the  sea  over  that  distance.  At  that  time  of  the  day, 
the  excess  humidity  carried  by  the  wind  from  the  east  travels 
over  a  relatively  short  distance . 

The  large  amount  of  humidity  which  is  recorded  after  sunrise 
in  the  central  region  of  Dobrogei,  when  the  atmosphere  is  calm, 
is  due  in  a  great  measure  to  the  evaporation  of  dewdrops. 

To  know  the  extent  in  space  of  the  influence  of  the  sea 
under  conditions  in  which  the  wind  blows  from  the  east.  Fig,  8 
gives  the  curves  of  the  variation  of  the  differences  of 
temperatures  and  vapor  pressures  in  the  intervals  with  wind  and 
those  in  calm  conditions  as  a  function  of  the  distance  reached 
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establishment  of  the  parameters  of  the  temperature  and  humid 
and  the  distance  needed  for  the  latter  to  start  showing -'by 
continental izat ion  the  characteristics  of  land  air,  the  dist 
at  which  the  respective  differences  become  zero. 

It  is  interesting  to  show  that  although  the  atmospheric 
dynamics  are  affected  by  the  sea  over  a  large  distance,  the 
caloric  potential  of  the  air  carried  by  the  wind  coming  from 
east  drops  continuously  as  it  approaches  the  Danube, 


ust  as  on  the  coast  the  infiltration  of  the  air  from  the 


foe,  which  takes  place 
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layers  (need  for  wind  vane)  over  the  banks,  the  differences  of 

temperature  start  to  attenuate,  which  may  create  the  air  trans- 
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ported  by  the  east  wind  (Qurve  1),  Tne  effects  of  this  infill 
tration  are  most  evident  on .the  right  bank,  where  the  sea  air 
reaches  an  advanced  degree  of  continent alization.  The  maximum 
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values  of  the  differences  between  the  temperatures  recorded  on 

the  left  bank  (in  Fetesti)  during  tne ‘-time .when  the  east  wind 
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blows  and  that  recorded  during  the  cdlro  period  shows  clearly  the 
fact  that  in  the  passage  over 'Balt a  lalomitei,  the  air  stores  up 
a  large  amount  of  'caloric  energy  which  is  transported  toward  the 
center  of  Baragan,  ,  '• 


The  proportion  of  th£lr  differences 
shows  strikingly 'that  at  this  ti me  of  das 
from  the  ea»t  with  the  maximum  frequency 
potential  than- the  .night  win**. 


at  1300  hours  ( curve  2) 


greater  transport 


of  the 


When  the  wind  blows  from  Balt a  lalomitei,  the  temper 
te  air  over  Baraga n  which  is  very  high  may  drop  arotui 
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The  amount  of  humidity  carried  from  the'  sea  indicates  very 
spressively  the  latter's  contribution  in  the  establishment  of 
le  main  characteristics  of  the  climate  of  the  south-eastern 
parts  of  cur  country.  Thus,  during  the  period  when  the  variations 


parvs  ox  cur  country.  Thus,  curing  the  period  when  the  variations 
of  temperature  of  the  continental  air  are  attenuated  by  the  sea 
air  both  day  and  night,  the  amount  of  vapor  carried  by  the  wind 
blowing  from  the  east  always  increases  the  humidity  content  of 
the  continental  atmosphere.  Because  of  the  larger  amount  of 
humidity  of  the  land  air,  the  excess  created  by  the  se.  air  at 
night  is  lower,  but  the  continentalization  is  more  manifest  at 
night  than  in  the  daytime,  when  the  saturation  deficit  is  greater. 


When  the  humid  air  from  over  the  Balta  lalomifcei  is  carried 
by  the  wind  toward  the  west,  the  humidity  content  of  the  atmos¬ 
phere  of  Baragan  increases  up  to  a  distance  of  30  to  40  km.  The 
difference  between' the  amount  of  humidity  of  the  interval  with 
calm  and  that  when  the  wind  comes  from  the  east  reaches  its 
maximum  values  (2.3  mb  at  night j  2.7  mb  daytime),  in  the  immediate 
neighborhood  of  the  left  bank  of  the  Danube,  in  Petesti. 


It  is  apparent  from  the  graphic  analysis  of  Pig.  8  that 
although  in  the  region  under  antioyclonic  conditions  the  atmos¬ 
phere  of  the  south-eastern  part  of  Romania  is  under  the  Influence 
of  the  Black  Sea  Basin  up  to  a  distance  of  over  100-200  km,  the 
effect  of  the  sea  air  carried  by  the  wind  blowing  from  the  east 
on  the  main  climatic  element  is  not  felt  more  than  approximately 
60  km  away  from  the  coast.  But  the  sea  breeze  is  reanimated  from 
the  dynamic  viewpoint  by  the  air  it  carries  in  the  passage  over 
Balta  lalomitei  which  modifies  the  thermal  potential  and  becomes 
charged  again  with  large  amounts  of  humidity  which  it  carries 
farther  toward  the  center  of  Baragan. 


It  would  be  Just  as  interesting  from  the  theoretical  point 
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necessary  to  process  the  total  material’ resulting  from  the  obse 

vations  of  all  the  stations  located  in  the  respective  sones, 

including  the  stations  located  on  the  Danube  Delta ?  , 
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On  the. basis  of  the  method  of  processing  used  in  this  study 
it  is  possible  to  know  better  the  working  principles  of  the 
mechanism  of  the  dynamics  of  the  atmosphere  in  the  spue  affected 
by  the  Black  Sea,  the  potential  of  the  difference  in  time-, and 
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space  of  the  latter,  and  the  results  combined  with  those  of  the 
swamns  and  the  Danube  Delta.  '  - 
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